The heterogeneous room-temperature oxidation of benzoins with the Jones reagent supported on kieselguhr provides an efficient method for the preparation of the corresponding benzyls. The oxidations described in the present study were complete within 30 min with yields of between 82-93%.
INTRODUCTION
Kieselguhr is an important inorganic solid support mainly used in organic chemistry, biochemistry and medicinal chemistry, etc. The application of solid-supported reagents in organic synthesis has seen a number of important advances, particularly as regards the practical aspects, and thus has now been developed to a fairly sophisticated level (McKillop and Young 1979; Laszlo 1987) . The application of reagents or reactants adsorbed on, or intercalated in, insoluble solid supports, such as inorganic and polymeric supports, has also been widely developed for organic syntheses. One important aspect of reactions with solid-supported reagents is that, in many cases, both the reagent and the product into which it is converted during the reaction are strongly adsorbed onto the surface of the solid support or remain intercalated in it; hence, there is very little or no contamination of the organic products or solvents by the solid materials. Other advantages of solid-supported reagents in organic synthesis are mainly that the reactions can normally be carried out in common organic solvents, with the isolation of the organic products simply involving decantation or filtration to remove the spent solid support system, followed by evaporation of the solvent. Furthermore, it should be possible in many cases involving solid-supported reagents to regenerate the active reagent directly from the spent support system by standard inorganic reactions. It is well known that many reactions can be carried out cleanly, rapidly and in high yield under mild conditions using solid-supported reagents, whereas attempts to carry out the same reactions with unsupported reagents frequently either fail or result in the formation of mixtures of products.
RESULTS AND DISCUSSION
The Jones reagent is one of the best known chromium(VI) reagents for the oxidation of secondary alcohols to ketones. However, it fails to provide satisfactory results in the oxidation of primary *Author to whom all correspondence should be addressed. E-mail: lou@cjlu.edu.cn. alcohols -even including benzyl alcohols -to the corresponding aldehydes (Cainelli and Cardillo 1984) . The problem in this oxidation reaction arises from the fact that the aldehydes react with water and alcohols in the acidic aqueous media employed in the Jones oxidation procedure, producing hydrates and hemi-acetals which are then oxidized to carboxylic acids and esters, respectively. Hence, new experimental procedures for conducting selective oxidation with chromium(VI) reagents are still of interest.
Recently, we reported that the Jones reagent supported on kieselguhr successfully oxidizes benzyl alcohols to the corresponding aldehydes, including the oxidation of secondary alcohols into the corresponding ketones (Lou et al. 2006) . It therefore seems that the above problem can be overcome by using this supported Jones reagent. In most reactions, solid-supported reagents have been found to be superior to the non-supported reagents, especially as regards efficiency and selectivity. Based on our previous study (Lou et al. 2006) , we now report an efficient and selective oxidation of benzoins (1) to the corresponding benzils (2) with the Jones reagent supported on kieselguhr (see Scheme 1), which is an extension of the application of this reagent.
(1) In the present experiments, the preparation of the Jones reagent supported on kieselguhr was undertaken in accordance with our previously reported procedure (Lou et al. 2006 ). The oxidation is very simple since the expected products were obtained at room temperature merely after contacting the benzoins with the Jones reagent supported on kieselguhr. Under these conditions, some symmetrical and unsymmetrical benzoins were also obtained, and all the reactions were complete within 30 min. The progress of the oxidation was monitored by thin layer chromatography (TLC) and the product was purified by preparative TLC. The results, which are listed in Table 1 , show that this reagent is generally applicable to a range of benzoins, and gives the corresponding benzils in good yields. The oxidized products are all known compounds and may be identified by spectroscopic comparison with authentic samples.
The mechanism of the current oxidation under study is the same as that for the well-known example of the oxidation of secondary alcohols by chromium(VI) reagents. This involves the reaction of nucleophilic oxygen with the chromium(VI) reagent to produce an intermediate, chromate ester (3), followed by decomposition of the ester to afford ketones (Scheme 2) (Cainelli and Cardillo 1984; Li et al. 2009 ). Khandekar et al. (2002) . 
EXPERIMENTAL

Oxidation of benzoin to benzil: typical procedure
The Jones reagent (0.3 m , 2.5 mmol) was added slowly to vigorously stirred kieselguhr (1.5 g) until an orange powder was produced (Cainelli and Cardillo 1984) . Dichloromethane (15 m ) was then added to the resulting mixture. This was then followed by adding a solution of benzoin (212 mg, 1 mmol) in dichloromethane (2 m ) slowly to the above stirred heterogeneous mixture at room temperature over a period of 30 min. The progress of the reaction was monitored by TLC (aluminium-backed silica gel Merck 60 GF 254 plates) using hexane/ethyl acetate (7:3) as an eluent. The solid obtained was filtered and washed with dichloromethane (3 × 5 m ). The combined filtrates were then evaporated to give a crude product which was purified by preparative TLC employing hexane/ethyl acetate (7:3) as the eluent to afford 196 mg (93%) benzil.
CONCLUSIONS
The oxidation of benzoins with the Jones reagent supported on kieselguhr at room temperature provides an efficient method for the preparation of the corresponding benzils.
